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BRUCELLOSIS IS A DISEASE caused by the 
intracellular, Gram-negative bacteria, 
Brucella species. Numerous species and 
biotypes (biovars) have been identified, 
but the most important ones from the 
human health perspective are: 
• B. suis
• B. melitensis
• B. abortus
• B. canis.
The animal reservoirs and situation in 
Australia regarding each of the above 
species are listed in Table 1. B. ovis is 
present in sheep in Australia, but is not 
zoonotic.

Epidemiology

Brucellosis has a worldwide distribution. 
Between 1991 and 2016, an average of 30 
human cases were diagnosed annually 
in Australia (1.6 cases per 1,000,000 
population), 80% of which occurred in 
Queensland (6.7 cases per 1,000,000 
population).1

In Australia, hunters and dogs become 
infected with B. suis following direct 
contact with feral pig tissues and blood via 
skin abrasions and mucous membranes 
during the hunting and slaughter process. 
Dogs, particularly farm dogs, can also 
be infected if they are fed raw feral pig 
meat or offal. Transmission of B. suis from 
dogs to humans has been documented;2 
however, the principal risk to humans 
appears to be around the time a female dog 
is giving birth (eg breeders) and during 
surgical procedures (eg veterinarians 
performing de-sexing operations).3 To 
date, no humans in Australia have been 

infected through casual contact with 
an infected dog.

In countries where B. melitensis and/or 
B. abortus are present in animals (ie not in 
Australia), transmission occurs principally 
through ingestion of unpasteurised 
dairy products (especially cheese), or 
through direct contact with animal tissues 
(especially aborted fetuses), blood and 
urine via skin abrasions and mucous 
membranes.4 Aerosol transmission is 
also possible, particularly in laboratory 
environments. For this reason, Brucella 
species are considered a potential 
bioterrorism agent. Person-to-person 
transmission of brucellosis is extremely 
rare, and has been associated mainly with 
breast milk to a newborn;5 presumed sexual 
transmission has also been documented.6

Risk factors

Brucellosis was once a common abattoir-
associated infection in Australia. Now 
that B. abortus has been eradicated 
from livestock in Australia, the main 
risk factors for brucellosis in patients 
presenting to clinicians in this country 
are (Figure 1):
• feral pig hunting (B. suis) – particularly 

when carcasses are dressed in the field7

• travel to, and/or consumption 
of unpasteurised dairy products 
manufactured in, countries where 
B. melitensis and/or B. abortus are present 
in animals, such as Mediterranean 
countries (Portugal, Spain, southern 
France, Italy, Greece, Turkey), the 
Middle East, central Asia, India, Central 
and South America, and Mexico.
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Background
Brucellosis, also known as undulant, 
Mediterranean or Malta fever, is a 
systemic infection that causes fever, 
sweats, arthralgias and myalgias. A 
globally important disease, brucellosis is 
re-emerging in Australia in association 
with feral pig hunting activities.

Objective
This article aims to provide clinicians 
with an overview of brucellosis, 
covering epidemiology, clinical features, 
diagnosis, management and prevention.

Discussion
Brucellosis should be suspected in 
all patients with non-specific, flu-like 
illness who fall into one of the major 
risk groups (feral pig hunters, overseas 
travellers and migrants). Depression 
is common and often severe, relative 
to other symptoms. Early diagnosis 
and treatment are important for 
preventing complications, which include 
osteoarticular, genitourinary or, more 
rarely, neurological or cardiovascular 
diseases. Diagnosing acute infections 
is based on serology and blood cultures; 
imaging and biopsy may be required 
for diagnosis of focal infections. Dual 
therapy with doxycycline and gentamicin 
is the recommended treatment. Relapse 
occurs in up to 10% of patients. 
Prevention is achieved through the 
use of protective gear during hunting 
(Brucella suis), and avoidance of 
unpasteurised dairy products in 
countries where B. melitensis and 
B. abortus occur in animals.
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Less common risk groups include:
• farmers, abattoir workers and other 

animal handlers who have a history 
of working in countries where B. 
meletensis and/or B. abortus are present 
in animals – these people may manifest 
with signs of brucellosis after migrating 
to Australia

• people who work in microbiological 
laboratories who handle Brucella 
cultures

• people involved in storage, transport or 
processing of feral pig carcasses – these 
people may be at risk of acquiring B. suis 
from feral pigs in Australia

• veterinarians, dog breeders and 
(possibly) household contacts of feral 
pig hunters – these people may be 
at risk of acquiring B. suis from dogs 
in Australia.

Pathophysiology

An infectious dose of 10–100 organisms 
is sufficient to cause systemic infection.8 
After entry of the organism, three main 
phases can be distinguished: incubation 
phase, acute phase and chronic phase.9 
The incubation period of brucellosis can 
be variable and difficult to ascertain, but is 
generally two to four weeks, with a range 
of five days to five months.4 The acute 
phase is characterised by the onset of 
signs and symptoms such as fever, sweats, 
fatigue, hepatomegaly and splenomegaly.10 
Because of several virulence factors, 
Brucella is able to survive in host cells and 
evade host immune responses to establish 
chronic foci of infection.9,11

Clinical features and 
complications

Most cases of brucellosis have a gradual 
onset, although abrupt onset is also 
possible. Sub-clinical infection with 
Brucella species has also been reported.12

Brucellosis is a systemic infection in 
which any organ or system of the body 
can be involved. The symptoms are often 
non-specific, as are physical examination 
findings, although lymphadenopathy, 
hepatomegaly or splenomegaly can be 
present. Common symptoms include:13

• fever (relapsing, mild or protracted) 
and sweats

• anorexia and weight loss
• fatigue and malaise
• arthralgia, myalgia and back pain
• headache
• depression.
Depression is often severe, relative to 
other symptoms, and occurs in around 
30% of patients.14

Osteoarticular complications, of 
which sacroilitiis is the most common, 
occur in 30–70% of cases.13 Other 
complications include genitourinary 
disease, most commonly epididymo-
orchitis (10%).15 Brucellosis is associated 
with spontaneous abortion in animals; 
however, it is not clear if abortion is 
more common in brucellosis than other 
bacteraemias in humans. Nonetheless, in 
countries where B. melitensis is endemic, 
spontaneous abortion in the first or 
second trimester has been reported to 
occur in around 40% of pregnant women 
with brucellosis.16 

Hepatosplenic brucellomas have also 
been reported, although any organ may 
be involved with a chronic suppurative 
granulomatous process. These focal 
suppurative sequelae may manifest 
years after the exposure event, even with 
treatment. Other rare complications of 
brucellosis include: 
• neurobrucellosis, usually presenting as 

acute or chronic lymphocytic meningitis17

• cardiovascular manifestations such as 
endocarditis, aneurysms, myocarditis 
or pericarditis (often the main cause of 
death from brucellosis)18

• respiratory complications, such as 
bronchopneumonia and pleural 
adhesions15

• endophthalmitis.19

Figure 1. Main exposure pathways for 
brucellosis in patients presenting to clinicians 
in Australia. Brucellosis is re-emerging locally 
in association with feral pig hunting activities 
(right). Brucellosis is also seen in returning 
travellers and migrants from endemic countries, 
who acquire the infection through consumption 
of unpasteurised dairy products (left). 

Table 1. Main Brucella species of importance to human health, including animal reservoirs and main risk groups in Australia

Species Main animal reservoir Disease situation in animals in Australia Main risk groups in Australia

B. suis Pigs Absent from domestic pigs but present in 
feral pigs in Australia. Dogs involved in feral 
pig hunting or fed raw feral pig meat may 
become infected

Feral pig hunters, breeders, veterinarians

B. melitensis Sheep and goats Absent from sheep and goats in Australia Migrants from, and travellers to, countries 
where B. melitensis occurs in animals

B. abortus Cattle Absent from cattle in Australia (eradicated 
in 1989)

Migrants from, and travellers to, countries 
where B. abortus occurs in animals

B. canis Dogs Absent from dogs in Australia Never reported in Australia
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Overall, the case fatality rate is 2%.4 Early 
diagnosis and treatment are important 
for limiting duration and preventing 
complications.13 The disease may last 
months to years if untreated. Despite 
appropriate antibiotics, relapse occurs in 
up to 10% of all patients,20 and this usually 
occurs within the first year after infection.

Differential diagnosis 

Given the wide spectrum of clinical 
presentations, brucellosis has earned its 
place alongside syphilis and tuberculosis 
as one of the ‘great imitators’ and causes 
of pyrexia of unknown origin. The non-
specific symptoms are common and may 
mimic diseases such as tuberculosis, 
toxoplasmosis, infectious mononucleosis, 
typhoid (in overseas travellers), hepatitis, 
systemic lupus erythematosus and many 
others. When focal infection develops, 
localised symptoms may predominate.

Clinical features of brucellosis are 
similar to those of Q fever (caused by 
Coxiella burnetii), and risk factors for 
both of these diseases often coexist in a 
similar demographic.13 Determining risk 
factors for Brucella exposure (eg feral pig 
hunting, overseas travel) is important for 
narrowing the clinical differential. Note 
also that Q fever usually has an abrupt 
onset, which contrasts with the usual 
gradual onset of brucellosis.

Diagnosis

If acute brucellosis is suspected, serology 
and blood cultures are recommended. 
Serum IgM is often detectable at 
presentation because of the insidious 
nature of the infection, and cannot be 
relied on for diagnosis as cross-reactions 
may occur with other infectious agents. 
Diagnosis of acute brucellosis is confirmed 
when seroconversion for Brucella IgG 
(enzyme-linked immunoassay) or a 
fourfold increase in agglutinating titres 
and complement fixation test (CFT) on 
convalescent testing are demonstrated.

Blood cultures are important in the 
workup of suspected Brucella infection. 
Growth of the bacteria from blood cultures 
not only confirms the diagnosis, but allows 
speciation of Brucella which, if acquired in 

Australia, is invariably B. suis. Infections 
acquired from overseas in travellers, 
migrants and refugees are more likely to 
be due to B. melitensis. Blood cultures are 
also part of the ‘septic screen’ to exclude 
other causes of febrile illness. Two sets of 
blood cultures are recommended to detect 
bacteraemias. The organism is a laboratory 
hazard; therefore, it is prudent to notify the 
laboratory if brucellosis is suspected.

In relapsing disease, blood cultures are 
more useful than serology, as serological 
tests will already be positive at the 
time of relapse. Imaging techniques 
(ie radiographs, ultrasound, computer 
tomography [CT], magnetic resonance 
imaging and 18F-FDP- positron emission 
tomography/CT scan) are of value in 
localising focal suppurative lesions 
for further biopsy. Confirmation of 
relapsed infection is based on typical 
granulomatous histopathology of 
involved tissue, nucleic acid amplification 
testing (PCR) of tissue and culture of 
the organism. Both genus-specific and 
species-specific Brucella PCR assays are 
available from public health reference 
laboratories, and have most value when 
used on culture negative tissues and for 
organism speciation.

Management of brucellosis

Dual therapy with doxycycline and 
gentamicin is the recommended 
treatment for brucellosis.21 Oral therapy 
with doxycycline is required for six 
weeks, with adjunctive daily intravenous 
gentamicin for the initial seven days 
(Table 2). Gentamicin reduces the rate 
of treatment failure and relapse, but 
can be associated with significant renal, 
vestibular and ototoxicity, requiring 
specialist therapeutic drug monitoring 
and hospital admission.

If gentamicin is contraindicated or 
relevant precautions preclude its use, 
oral rifampicin daily for six weeks can 
be used instead in combination with 
doxycycline. It has been noted that 
clinical relapse occurs in up to 10% of 
cases even after a six-week treatment 
course; a higher failure rate is associated 
with rifampicin–doxycycline compared 
with gentamicin–doxycycline.20 If a 

patient presents with relapse, collect 
blood cultures, noting the likely diagnosis 
on the request form. Complicated 
Brucella infections (eg osteomyelitis, 
endocarditis) require longer durations 
of therapy and, on occasion, concomitant 
surgery. It is recommended that diagnosis 
and management of brucellosis cases be 
discussed with an infectious diseases 
specialist.

Public health aspects

Brucellosis is a notifiable condition in 
humans in all states and territories of 
Australia. Travellers to endemic countries 
should be advised to avoid consuming 
unpasteurised dairy products and having 
unprotected contact with animal tissues, 
blood and other body fluids.22

Feral pig hunting is the main risk for 
locally acquired infections in Australia; 
therefore, reducing risk to the public 
focuses on safer hunting practices. Using 
waterproof dressings to cover cuts and 
abrasions, wearing eye protection and 
boots that can be cleaned and disinfected, 
and using good lighting and taking time to 
safely dress feral pigs in the field, are some 
of the steps that can be taken by hunters to 
reduce the risk of exposure.23,24

Pig-hunting dogs are also at high risk of 
acquiring infections from feral pigs, and can 
potentially pass on the infection to other 
dogs and humans.25 Hunters can reduce the 
risk of transmission by not feeding raw feral 
pig meat or offal to dogs, and by washing 
dogs (using appropriate personal protective 
measures) after each hunt.26

The extent to which infected dogs 
present an ongoing risk to household 
members is unclear but thought to be 
very low. The critical window in terms 
of transmission from dogs to humans is 
thought to be when a female dog is giving 
birth. Breeders should be advised to wear 
gloves and a mask when assisting birthing 
procedures, especially if handling aborted 
fetuses. Hunters and breeders with 
further questions about managing risk of 
brucellosis in dogs should be referred to 
a veterinarian.

While there are no vaccines for 
humans or dogs, several licensed live 
Brucella vaccines are available for use in 
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livestock throughout the world, such as 
the B. abortus strain 19 used in the bovine 
Brucella eradication campaign in Australia.

Key points

• Brucellosis is acquired through direct 
contact with tissues and fluids from 
infected animals. Overseas, brucellosis 
is also acquired through consumption of 
unpasteurised dairy products.

• Brucellosis should be suspected in 
all patients with non-specific, flu-like 
illness who participate in feral pig 
hunting (B. suis) or who have a history 
of travel to, or residence in, countries 
where B. melitensis/abortus occur 
in animals.

• Serology and blood cultures are 
the mainstay of diagnosis in acute 
presentations. Blood cultures are 
more useful than serology in relapsing 
cases, while imaging and biopsy are 
often required for diagnosis of focal 
suppurative infections.

• Early diagnosis and treatment is 
important for limiting duration and 

preventing complications. Dual therapy 
with doxycycline and gentamicin 
is the recommended treatment for 
brucellosis. Relapse can occur despite 
appropriate treatment.

• Brucellosis is a notifiable condition in all 
states and territories.

• If a hunter is diagnosed with brucellosis, 
consider referring them to a veterinarian 
so their dog(s) can be tested.

Authors
Siobhan M Mor BSc(Vet), BVSc, MANZCVS, PhD, 
School of Veterinary Science, Faculty of Science, The 
University of Sydney, Sydney, NSW; Marie Bashir 
Institute for Infection and Biosecurity, University of 
Sydney, Sydney, NSW. siobhan.mor@sydney.edu.au
Anke K Wiethoelter DrMedVet, MVPHMgt, Faculty 
of Veterinary and Agricultural Sciences, University of 
Melbourne, Melbourne, Vic
Peter D Massey DrPH, GCPH, RN, Hunter New 
England Population Health, Wallsend, NSW; College 
of Medicine & Dentistry, James Cook University, 
Townsville, Qld
Jennifer Robson FRACP, FRCPA, FACTM, Sullivan 
Nicolaides Pathology, Brisbane, Qld
Kathryn Wilks BVMS, MBBS, FRACP, FRCPA, PhD, 
Faculty of Medicine, University of Queensland, 
Brisbane, Qld
Penny Hutchinson BMed, FRACGP, MPH&TM, 
FAFPHM, FNZCPHM, Darling Downs Hospital and 
Health Service, Toowoomba, Qld

Competing interests: None. 
Funding: SM and AW have received funding from 
The University of Sydney, the NSW Department 
of Primary Industries and Hunter New England 
Population Health in support of research on 
brucellosis in dogs.
Provenance and peer review: Commissioned, 
externally peer reviewed.

References
1. Department of Health. National notifiable diseases 

surveillance system. Canberra: DoH, 2017. 
Available at www9.health.gov.au/cda/source/cda-
index.cfm [Accessed 8 December 2017].

2. Nicoletti PL, Quinn BR, Minor PW. Canine to 
human transmission of brucellosis. N Y State J 
Med 1967;67(21):2886–87.

3. Kneipp M. The return of an old enemy – Is 
brucellosis back? The Australian Cattle 
Veterinarian 2016;81:20–21.

4. Heymann DL, editor. Control of communicable 
diseases manual. 20th edn. Washington, DC: 
American Public Health Association, 2015.

5. Mesner O, Riesenberg K, Biliar N, et al. The 
many faces of human-to-human transmission of 
brucellosis: Congenital infection and outbreak of 
nosocomial disease related to an unrecognized 
clinical case. Clin Infect Dis 2007;45(12):e135–40.

6. Ruben B, Band JD, Wong P, Colville J. Person-to-
person transmission of Brucella melitensis. Lancet 
1991;337(8732):14–15.

7. Robson JM, Harrison MW, Wood RN, 
Tilse MH, McKay AB, Brodribb TR. Brucellosis: 
Re-emergence and changing epidemiology in 
Queensland. Med J Aust 1993;159(3):153–58.

8. Corbel MJ. Brucellosis in humans and animals. 
Geneva: World Health Organization, 2006; p. 102.

9. de Figueiredo P, Ficht TA, Rice-Ficht A, 
Rossetti CA, Adams LG. Pathogenesis and 
immunobiology of brucellosis: Review of Brucella-
host interactions. Am J Pathol 2015;185(6):1505–17.

10. Baldi PC, Giambartolomei GH. Pathogenesis and 
pathobiology of zoonotic brucellosis in humans. 
Rev Sci Tech 2013;32(1):117–25.

11. Poester FP, Samartino LE, Santos RL. 
Pathogenesis and pathobiology of brucellosis in 
livestock. Rev Sci Tech 2013;32(1):105–15.

12. Zhen Q, Lu Y, Yuan X, et al. Asymptomatic 
brucellosis infection in humans: Implications for 
diagnosis and prevention. Clin Microbiol Infect 
2013;19(9):E395–97.

13. Eales KM, Norton RE, Ketheesan N. Brucellosis 
in northern Australia. Am J Trop Med Hyg 
2010;83(4):876–78.

14. Shehata GA, Abdel-Baky L, Rashed H, Elamin H. 
Neuropsychiatric evaluation of patients with 
brucellosis. J Neurovirol 2010;16(1):48–55.

15. Dean AS, Crump L, Greter H, Hattendorf J, 
Schelling E, Zinsstag J. Clinical manifestations of 
human brucellosis: A systematic review and meta-
analysis. PLoS Negl Trop Dis 2012;6(12):e1929.

16. Khan MY, Mah MW, Memish ZA. Brucellosis in 
pregnant women. Clin Infect Dis 2001;32(8):1172–77.

17. Munckhof WJ, Jennison AV, Bates JR, Gassiep I. 
First report of probable neurobrucellosis in 
Australia. Med J Aust 2013;199(6):423–25.

18. Jia B, Zhang F, Pang P, et al. Brucella 
endocarditis: Clinical features and treatment 
outcomes of 10 cases from Xinjiang, China. 
J Infect 2017;74(5):512–14.

Table 2. Current recommended antibiotics for the treatment of brucellosis 
according to eTG21

Patient category Antibiotic Dose

Adults and 
children 8 years  
or older

Doxycycline 100 mg (child 8 years or older: 
2 mg/kg up to 100 mg) orally, 
12-hourly for six weeks

Plus gentamicin*† 5 mg/kg (child: 7.5 mg/kg up 
to 320 mg) intravenous, daily 
for seven days (monitor plasma 
concentration)

Children 1 month 
to 8 years

Trimethoprim + 
sulfamethoxazole

5 + 25 mg/kg orally, 12-hourly 
for six weeks

Plus gentamicin† 7.5 mg/kg up to 320 mg 
intravenous, daily for seven days 
(monitor plasma concentration)

If gentamicin is contraindicated or relevant precautions preclude its use, replace 
gentamicin in the above regimens with:

Rifampicin‡ 600 mg (child: 15 mg/kg up 
to 600 mg) orally, daily for six 
weeks

*In adults, use ideal body weight to calculate dose if body weight is more than 20% over ideal body weight
†In children, use ideal body weight to calculate the dose unless actual body weight is lower
‡Rifampicin: check for any drug-related interactions prior to prescribing



THE CHANGING FACE OF BRUCELLOSIS IN AUSTRALIA

103

FOCUS  |  CLINICAL

REPRINTED FROM AJGP VOL. 47, NO. 3, MARCH 2018   |© The Royal Australian College of General Practitioners 2018

19. Oray M, Cebeci Z, Kir N, Turgut Ozturk B, 
Oksuz L, Tugal-Tutkun I. Endogenous Brucella 
endophthalmitis: A case report. Saudi J 
Ophthalmol 2017;31(2):106–08.

20. Solís García del Pozo J, Solera J. Systematic review 
and meta-analysis of randomized clinical trials 
in the treatment of human brucellosis. PLoS One 
2012;7(2):e32090.

21. Therapeutic Guidelines Ltd. eTG complete. 
Melbourne: Therapeutic Guidelines Ltd, 2015. 
Available at https://tgldcdp.tg.org.au/etgcomplete 
[Accessed 8 December 2017].

22. NSW Health. Brucellosis fact sheet. NSW: NSW 
Health, 2016. Available at www.health.nsw.gov.
au/Infectious/factsheets/Pages/brucellosis.aspx 
[Accessed 8 December 2017].

23. NSW Health. Brucellosis and feral pig hunting fact 
sheet. NSW: NSW Health, 2016. Available at www.
health.nsw.gov.au/Infectious/factsheets/Pages/
brucellosis-and-pig-hunting.aspx [Accessed 
8 December 2017].

24. Massey PD, Polkinghorne BG, Durrheim DN, 
Lower T, Speare R. Blood, guts and knife cuts: 
Reducing the risk of swine brucellosis in feral pig 
hunters in north-west New South Wales, Australia. 
Rural Remote Health 2011;11(4):1793.

25. Mor SM, Wiethoelter AK, Lee A, Moloney B, 
James DR, Malik R. Emergence of Brucella 
suis in dogs in New South Wales, Australia: 
Clinical findings and implications for zoonotic 
transmission. BMC Vet Res 2016;12(1):199.

26. NSW Department of Primary Industries. 
Brucellosis (Brucella suis) in dogs. NSW 
Department of Primary Industries, 2017. Available 
at www.dpi.nsw.gov.au/biosecurity/animal/
humans/brucellosis-in-dogs/information-sheet/
brucellosis-in-dogs [Accessed 8 December 2017].

correspondence ajgp@racgp.org.au




